Biphenyl has been widely used as a heat-transfer agent, a dye mordant, a synthetic resin, a constituent of agricultural chemicals and a post-harvest fungicide to preserve citrus fruits. Occupational biphenyl poisoning has been characterized by disorders of the liver, kidney, central and peripheral nervous systems and motor and muscle functions 1) . The carcinogenic potential of biphenyl was not evaluated or classified by the Japan Society of Occupational Health (JSOH) 2) or the International Agency for Research on Cancer (IARC) 3) . In the previous paper 4) , however, we reported that the feeding of rats with a biphenyl-containing diet for 2 yr induced bladder tumors in close association with formation of bladder calculi.
It was demonstrated in the submitted companion paper (unpublished data) that hepatocellular carcinomas (control: 1/50, 667 ppm: 5/50, 2,000 ppm: 7/50, 6,000 ppm: 5/49) and adenomas (control: 2/50, 667 ppm: 3/50, 2,000 ppm: 12/50, 6,000 ppm: 10/49) were induced in the female mice fed biphenyl-containing diets for 2 yr, but not in male mice. It is well known that many peroxisome proliferators induce hepatocellular tumors in rodents 5) . In an attempt to explore any causative factor for biphenyl-induced hepatocellular tumors in female mice, this electron microscopic study was designed to determine if feeding female mice a biphenyl-containing diet for 13 wk induces peroxisome proliferation in the liver. We report here on the occurrence of peroxisome proliferation in the hepatocytes of female mice fed a biphenyl-containing diet for 13 wk.
Materials and Methods
Male and female Crj: BDF 1 mice (SPF) were obtained from Charles River Japan Inc. (Kanagawa, Japan) at the age of 4 wk. The animals were quarantined and acclimated for 2 wk, and divided by stratified randomization into 7 weight-matched groups, each consisting of 10 mice of each sex. Environmental and animal care conditions in the barrier system colony were described in the previous paper 4) . Biphenyl (greater than 98% purity) was obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). A diet containing biphenyl at 0 (control), 500, 2,000, 4,000, 8,000, 10,000 or 16,000 ppm (w/w) was prepared by mixing the chemical with γ-irradiation sterilized CRF-1 powdered diet (Oriental Yeast Co., Tokyo, Japan). The diet was stored at 4°C until use. Groups of 10 male and 10 female mice had free access to UV-irradiated, sterilized and filtered water and either the control diet or each of 6 biphenyl-containing diets of different concentrations throughout the 13-wk period, starting at the age of 6 wk. In order to avoid possible taste aversion in the mice fed high dose of biphenyl, the dose levels were increased weekly in a stepwise fashion. The mice fed biphenyl at 8,000 or 10,000 ppm were given the 4,000 ppmcontaining diet for the first week, and then 8,000 or 10,000 ppm for the remaining 12 wk, respectively. The mice fed the highest dose of biphenyl were given the 4,000 ppm diet for the first week, and then the 8,000 ppm diet for the second week, and finally the 16,000 ppm diet for remaining 11 wk. The biphenyl concentrations in the diets were confirmed by gas chromatography, and found to be constant, within a range of 99.2% to 112% of the designated target concentrations.
All animals were observed daily for clinical signs and mortality. Body weight and food consumption were measured weekly. Organs were removed, weighed and examined. The tissues for the light microscopy were fixed in 10% neutral buffered formalin, and embedded in paraffin. Tissue sections 5 µm thick were prepared and stained with hematoxylin and eosin (H&E stain). The tissues from 2 female mice, each fed the control and the 16,000 ppm diet, were fixed in 2.5% glutaraldehyde in 0.1M phosphate buffer (pH 7.4), post-fixed in 2% osmium tetroxide, and then embedded in epon-resin. Ultrathin sections were stained with uranyl acetate and lead citrate and examined with a transmission electron microscope (Hitachi, H-7000, Tokyo, Japan). Body weight, food consumption and organ weight were analyzed by Dunnett's test.
Results
All mice except a 16,000 ppm-fed female survived to the end of 13 wk feeding period. Final body weights of mice of both sexes fed 8,000, 10,000 and 16,000 ppm were significantly lower than their respective controls (for males: 83.3%, 84.9% and 75.1%, for females: 93.7%, 91.6% and 85.8%, respectively). Absolute liver weights were significantly higher in the female 8,000 and 16,000 ppm groups than those in the female control group.
Light-microscopically, the centrilobular hepatocytes of all the surviving female mice fed 16,000 ppm were greater than the normal hepatocytes of the female control group.
The cytoplasm of the enlarged hepatocytes was filled with numerous eosinophilic fine granules (Fig. 1) . Electronmicroscopically, many spherical organelles were observed in the cytoplasm of the enlarged hepatocytes of the 16,000 ppm-fed female mice. Those organelles were about 0.7 µm in diameter, had single membrane and were homogeneous, with low density (Fig. 2) . The eosinophilic fine granules in the centrilobular hepatocytes were identified as peroxisomes on the basis of electron microscopy 6) . On the other hand, the eosinophilic fine granules, the lesion suspected in peroxisome proliferation, were not recognized by use of light microscopy in the liver of biphenyl-fed male mice.
Discussion
The principal finding of this 13-wk feeding study of biphenyl in mice was histopathologically characterized by clearly enlarged hepatocytes filled with eosinophilic fine granules in the centrilobular area. These granules were corroborated to correspond to the increased number of peroxisomes by electron microscopy. Those histopathological findings were observed only in the 16,000 ppm-fed female mice. Peroxisome proliferation found in the 16,000 ppm-fed female mice was closely associated with higher absolute liver weights. On the other hand, neither the clearly enlarged hepatocytes nor the higher absolute liver weights were observed in the male mice fed 8,000 ppm and above. Long-term administration of many peroxisome proliferators such as hypolipidemic agents to rodents has been known to cause liver tumors 5) , and those chemicals are classified as nongenotoxic 7) and species-specific carcinogens 5) . Biphenyl is mainly biotransformed to o-phenylphenol 8) in mice, which is further metabolized to 2,5-dihydroxybiphenyl (DHB) 9) . CI-924 (5,5'-(1,1'-biphenyl)-2,5-diylbis (oxy) (2,2-dimethylpentanoic acid)), which is similar in molecular structure to DHB, was reported to induce peroxisomes in the liver of female mice 10) . Therefore, it may be inferred that a metabolite of biphenyl is causally related to the induction of peroxisomes in female mice that may lead to the development of hepatocellular tumors. This finding would provide a clue to understanding a possible involvement of peroxisome proliferation in the biphenyl-induced liver tumor occurring only in female mice.
In conclusion, the 13-wk oral administration of biphenyl at 16,000 ppm through diet feeding to female BDF 1 mice was found to induce the peroxisome proliferation.
